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(54) DIFFERENTIAL AMPLIFIER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a differential 
amplifier that can prevent reduction in a phase margin, 
realize a circuit configuration that is hardly oscillated, 
control a gate voltage of an output transistor(TR) without 
the need for a gate bias power supply circuit for an upper 
side TR of a loopback cascode current mirror circuit and 
obtain a rail-to-rail common mode output voltage range 
with less output on-resistance. 

SOLUTION: The differential amplifier has a differential 
input circuit and a loopback cascode current mirror 
circuit (Q11,Q12,Q13, and Q14) whose gates are all 
connected receives a current output signal of the 
differential input circuit so as to control a gate voltage of 
an output TR (Q22). 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A differential amplifier including a differential input circuit, a clinch cascode current 
mirror circuit which connected all the gates where a current output signal of said differential 
input circuit is inputted, and an output transistor circuit controlled by an output of said cascode 
current mirror circuit. 

[Claim 2]A differential input circuit with the input-common-mode -voltage range of a rail toe rail, 
and a clinch cascode current mirror circuit which connected all the gates where a current output 
signal of said differential input circuit is inputted, A differential amplifier characterized by 
obtaining an output of an output voltage range of a rail toe rail in phase including an output 
transistor circuit controlled by an output of said cascode current mirror circuit. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is provided with a differential amplifier and the function 
which outputs the common mode voltage of a rail toe rail (Rail-to-Rail) especially, and relates to 
the differential amplifier which carried out mono- SHIRIKKU integration by the CMOS 
technology. 
[0002] 

[Description of the Prior Art]In recent years, the demand of the semiconductor part of low power 
consumption is increasing from a viewpoint of environmental protection. In a differential 
amplifier, power consumption is posing a problem at the time of power consumption and an 
output at the time of stillness of the operational amplifier using a bipolar transistor. Then, in 
order to solve these problems, the CMOS differential amplifying circuit which was provided 
with the gestalt of the rail toe rail which used the CMOS technology, and was provided with the 
input-common-mode-voltage range attracts attention. 

[0003 ]The CMOS differential amplifying circuit with the input-common-mode-voltage range of 
the conventional rail toe rail is indicated to JP,H7-15249,A. 
Hereafter, the outline is explained, referring to Drawings. 

Drawing 2 is a representative circuit schematic showing an example of the conventional 
differential amplifier, and is a circuit indicated to JP,H7-15249,A. The numerals used for 
Drawings have quoted the thing given [ said ] in a gazette. 

[0004]The differential output current 13 and 14 which are outputted in drawing 2 from P-channel 
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difference input part 14 which consists of the transistor Ql, Q2, and Q6, It is inputted into the 
joined part of the sauce of the transistor Q12 of the clinch cascode type current mirror circuits 
18/20, and the drain of the transistor Q14, and the joined part of the sauce of the transistor Ql 1, 
and the drain of Q13. The differential output current II and 12 which are outputted on the other 
hand from N-channel difference input part 12 which consists of the transistor Q4, Q5, and Q3, It 
is inputted into the joined part of the sauce of the transistor Q10 of the clinch cascode type 
current mirror circuit 22, and the drain of the transistor Q8, and the joined part of the sauce of the 
transistor Q9, and the drain of the transistor Q7. 

[0005]Here, bias of the gate combination of the transistor Ql 1 and the transistor Q12 is carried 
out by bias voltage VB3, and bias of the gate combination of the transistor Q9 and the transistor 
Q10 is carried out by bias voltage VB2. These constitute a cascode gain stage by return, and the 
output transistor Q17 of the outputting part 24 and the gate voltage of Q18 are controlled. The 
voltage between gate sauce of the transistor Q15 is generated by sending the current restricted 
with the transistor Q16 between the sauce drains of the transistor Q15, The voltage between the 
gate of the transistor Q17 and the gate of the transistor Q18 is controlled, and the consumed 
electric current of the transistor Q17 and the transistor Q18 is made into the minimum. 
[0006]Next, the outline is explained about the example which does not constitute bias power 
supply among CMOS differential input circuits with the input-common-mode-voltage range of a 
rail toe rail. The patent No. 2597690 gazette is mentioned as this example. 
[0007] Drawmg 3 is a representative circuit schematic showing other examples of the 
conventional differential amplifier, and is a circuit indicated in said patent No. 2597690 gazette. 
Since the numerals used for these Drawings have also quoted the thing given [ said ] in a gazette, 
what was used by drawing 2 , and identical codes exist, but these do not correspond. 
[0008]In drawing 3 , the differential output current outputted from P-channel difference input 
stage transistors Q38 and Q42, It is inputted into the joined part of the sauce of the transistor Q60 
of the transistor Q60 which constitutes a clinch cascode current mirror circuit, Q62, Q70, and 
Q74, and the drain of the transistor Q62, and the joined part of the sauce of the transistor Q70, 
and the drain of the transistor Q74, respectively. 

[0009]On the other hand, the differential output current outputted from N-channel difference 
input stage transistors Q28 and Q32, It is inputted into the joined part of the sauce of the 
transistor Q68 of the transistor Q66 which constitutes a clinch cascode current mirror circuit, 
Q68, Q56, and Q58, and the drain of the transistor Q66, and the joined part of the sauce of the 
transistor Q58, and the drain of the transistor Q56, respectively. A cascode gain stage is formed 
by return by these, and the joined part of the drain of the transistor Q58 and the drain of the 
transistor Q60 is considered as the output Vout. 

[00 10] An auxiliary amplifier comprises the transistor Q80, Q86, Q82, Q90, and the transistor 
Q88. For example, if the voltage of the difference input terminal 24 becomes much smaller than 
the voltage of the input terminal 26, the current which flows into the transistor Q28 will 
decrease, and the current which flows into the transistor Q68 will increase it. The current which 
flows into the transistor Q32 increases, and the current which flows into the transistor Q58 
decreases. Simultaneously with it, the current which flows into the transistor Q38 increases, and 
the current which flows into the transistor Q70 decreases. One [ the current which flows into the 
transistor Q42 decreases, and the voltage of the joined part 64 falls, and / the transistor Q60 ] 
hard. 

[001 l]Much current will flow with the transistor Q82 and the transistor Q86, and the voltage of 
these things to the joined part 50 will push up the voltage of the joined part 65, if it becomes high 
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and the voltage becomes higher than the gate potential of the transistor Q82 by which analog 
grounding was carried out. Thereby, one [ the transistor Q62 and the transistor Q74 / more 
current is sent, and the voltage of the joined part 64 and the joined part 78 falls by this, and / the 
transistor Q60 and the transistor Q70 ] more hard. The gain of an outputting part goes up from 
these operations. 

[00 12] Since it is directly unrelated when contrasting with this invention about the composition 
and operation of the portion of others of this differential amplifying circuit, it only supposes that 
it is to attach the reference sign from a gazette, and that explanation is omitted. 
[0013] 

[Problem(s) to be Solved by the Invention] However, there were the following problems in such 
composition. 

[0014](1) It becomes the tendency for the possibility of an oscillation to become high from 
reduction of the phase margin it not only becomes a tendency which a chip area, a manufacturing 
cost, a failure rate, etc. increase according to increase of circuit structure, but generated by the 
pole about the transfer function of the added circuit. 

[0015](2) Although it is necessary to give gate bias voltage to the transistor of the cascode type 
current mirror circuit upper part which receives the output current of a differential input circuit, 
generally, dispersion is large to the current value to generate, and control is difficult for it in the 
bias circuit of a CMOS circuit. 

[0016](3) Since resistance of a lower transistor of operation (ON) will be added to an output 
circuit if an output portion is made into a cascode type current mirror circuit, output impedance 
increases, and it becomes the tendency for an output voltage range to become narrow. 
[0017]This invention solves the above-mentioned conventional problem. 
Realize the circuitry which the purpose prevents reduction in the phase margin and is hard to 
oscillate, and. Gate voltage of an output transistor is made controllable, without needing the gate 
bias power supply circuit of the upper part transistor of a clinch cascode type current mirror 
circuit, It is providing the differential amplifier which can obtain the output voltage range of a 
rail toe rail with little output on resistance in phase. 

[0018] 

[Means for Solving the Problem]A differential amplifier of this invention receives a current 
output signal of a differential input circuit in a clinch cascode type current mirror circuit which 
connected all the gates, and controls gate voltage of an output transistor. 
[00 19] According to this invention, realize circuitry which can suppress generating of a pole, 
prevents reduction in the phase margin by this, and is hard to oscillate, and. By receiving a 
current output signal of a differential input circuit in a clinch cascode type current mirror circuit 
which connected all the gates, composition does not need to form a difficult bias circuit and it 
becomes possible to control gate voltage of an output transistor in a CMOS circuit. 
[0020] 

[Embodiment of the Invention]Hereafter, it explains, referring to Drawings for an embodiment of 
the invention. Drawing 1 is a representative circuit schematic showing the composition in the 
embodiment of the differential amplifier of this invention. Although the same thing as what was 
used by drawing 2 and drawing 3 exists in the numerals used by drawing 1 , there are these [ no ] 
in correspondence relations. 

[0021]The P channel input transistor Q5 and Q6 to which the constant current II was supplied by 
the transistor Ql and Q2 from the power supply Vcc in drawing 1 . By (The numerals I showing 
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current shall be hereafter given only to the P channel side), the transistor Q3, the N channel input 
transistor Q7 to which constant current was supplied by Q4, and Q8. The differential input 
circuit provided with the input-common-mode-voltage range of the gestalt of a rail toe rail is 
constituted, the P channel output signal current 12 and the current mirror circuit where 13 
comprises the transistor Ql 1 which connected the gate with the drain, and the transistor Q12 — 
and, This current mirror circuit and gate are inputted into the joined part of both the source drains 
of the cascode type current mirror circuit by junction in a current mirror circuit with the common 
transistor Q13 and the transistor Q14, the current mirror circuit where N channel output signal 
current comprises the transistor Q17 which connected the gate with the drain, and the transistor 
Ql 8 ~ and, This current mirror circuit and gate are inputted into the joined part of both the 
source drains of the cascode type current mirror by junction in a current mirror circuit with the 
common transistor Q15 and the transistor Q16. 

[0022]On the other hand, as a current source of these current mirror circuit, The N channel 
current mirror circuit constant current source of the source of P channel current mirror circuit 
constant current (14, 15) of the transistor Q9 and the transistor Q10, the transistor Q19, and the 
transistor Q20 is used, From these current sources, by supplying current to said cascode type 
current mirror circuit, respectively, The gate voltage of the output transistor Q21 and the output 
transistor Q22 is controlled by drain voltage of the transistor Q 12 of a cascode type current 
mirror circuit, and the transistor Q18, and it enables it to obtain the output Vout of the output 
voltage range of a rail toe rail. 

[0023]As mentioned above, since according to this embodiment the element which constitutes a 
differential amplifier comprises a comparatively small element number and generating of a pole 
can be suppressed, Realize the circuitry which prevents reduction in the phase margin by this, 
and is hard to oscillate, and. The gate voltage of an output transistor can be controlled without 
the gate bias power supply circuit of the upper part transistor of a clinch cascode type current 
mirror circuit, and the output of the output voltage range of a rail toe rail with little output on 
resistance in phase can be obtained. 
[0024] 

[Effect of the InventionJAccording to this invention, the current output signal of a differential 
input circuit as mentioned above by composition received in the clinch cascode type current 
mirror circuit which connected all the gates. The gate voltage of an output transistor is controlled 
without a gate bias power supply circuit, and the advantageous effect that the output of the 
output voltage range of a rail toe rail in phase can be obtained is acquired. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The representative circuit schematic showing the composition in the embodiment of 
the differential amplifier of this invention 

[Drawing 2]The representative circuit schematic showing an example of the conventional 
differential amplifier 

[Dra wing 31 The representative circuit schematic showing other examples of the conventional 
differential amplifier 
[Description of Notations] 
Q1-Q22 Transistor 
Vcc Power supply 
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[Translation done.] 
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